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Abstract²'HYHORSLQJHOHFWURQLFV\VWHPIRUGHWH

FWLQJORZHQHUJ\ 
LPSDFWVXVLQJRSHQVRXUFHKDUGZDUHVXFKDV$UGXL

QRLVFKDOOHQJLQJ 

$KLJKO\HIILFLHQWORDGFHOOLVGHVLJQHGDQGIDEULF

DWHG$FRPPHUFLDO 

SRO\YLQ\OLGHQHIOXRULGH39')SLH]RHOHFWULFILOPL

VXVHGDVSULPDU\ 

VHQVRUIRUVHQVLQJVPDOOLPSDFWV:LWKRXWPRGLI\L

QJKDUGZDUHWKH 

$UGXLQRERDUGLVFRQILJXUHGE\SURJUDPPLQJWRFDS

WXUHWKHVLJQDO 

IURPWKHILOPVHQVRUZLWKDUHVROXWLRQEHWWHUW

KDQP9%\RXU V\VWHPLPSDFWHQHUJ\DVORZDV-

FRUUHVSRQGVWRLPSDFWIRUFH 

RIP1LVUHOLDEO\DQGPRQLWRUHG,QWKHOLQHDU]RQH

VHQVLWLYLW\RI 

WKHV\VWHPIRXQGWREHDVKLJKDVN9-RU91ZLWKD 

PHDVXUHPHQWIUHTXHQF\RI+]7KHYDULRXVFKDUDFW

HULVWLFVVXFKDV 
OLQHDULW\K\VWHUHVLVUHSHDWDELOLW\DQGVSHFW

UXPDQDO\VLVDUHGLVFXVVHG 

$IWHUFDOLEUDWLRQPHDVXUHPHQWVRIXQNQRZQLPS

DFWHQHUJ\DQG 
LPSDFWIRUFHDUHLQYHVWLJDWHGDQGUHVXOWVDUHI

RXQGWRDJUHHZHOO 

 

V\VWHP39')ILOPVHQVRU 

,,1752'8&7,21 

0 

($685(0(17RIORZLPSDFWHQHUJ\DUHRIKLJK 
LPSRUWDQFHLQPDQ\ILHOGVVXFKDVLQVWUX

PHQWDWLRQ 

ELRHQJLQHHULQJDHURVSDFHDXWRPDWLRQYHQ

WLODWLRQURERWLFV YLEUDWLRQ DQG 

PLFURQDQR PDQXIDFWXULQJ >@ >@ 7KH 

HIILFLHQF\IOH[LELOLW\DQGFRVWHIIHFWLYHQH

VVDUHWKHPDLQ 

DGYDQWDJHVRI39')SLH]RHOHFWULFILOPVHQVRU

VIRUYHUVDWLOH SUDFWLFDO DSSOLFDWLRQV 

HVSHFLDOO\ LQ VHQVLQJ G\QDPLF 

PHFKDQLFDOLPSDFWV>@>@5HFHQWDSSOLFDWL

RQVRI39')ILOP VHQVRU LQFOXGH PLFURIRUFH 

GHWHFWLRQ >@ LPSDFW HQHUJ\ 

GHWHFWLRQ>@>@ELRPHGLFDOLQVWUXPHQWD

WLRQ>@>@PDWHULDO 

TXDOLW\GHWHFWLRQ>@G\QDPLFVWUHVVGHWH

FWLRQ>@>@ 

SUHVVXUHVHQVRU>@HWF$PRQJWKHVHDSSOLFD

WLRQVGHWHFWLRQ 

RIVPDOOLPSDFWVDQGFRUUHVSRQGLQJHQHUJLH

VDUHRIWKHLQWHUHVW 

RISUHVHQWUHVHDUFKDQGGHYHORSPHQW 
0RQLWRULQJ RI HYHQWV ZKLFK FUHDWH VPDOO 

LPSDFWV LV 
FKDOOHQJLQJ'HWHFWLRQRIVPDOOPHFKDQLFDOL

PSDFWVE\SLH]R 

 
3UL\DQND *XLQ 'LE\HQGX &KDWWHUMHH DQG $ULMLW 

5R\  DUH ZLWK WKH 'HSDUWPHQW RI (OHFWURQLFV :HVW 

%HQJDO 6WDWH 8QLYHUVLW\ %DUDVDW .RONDWD 
,QGLDSKRQHHPDLODULMLWUR\#OLYHFRP 
PHFKDQLFDOVLJQDWXUHVD\IRUH[DPSOHRIRUGH

URI-RUOHVV 
$UGXLQR ERDUG LV FDUU\LQJ PDQ\ 

DGYDQWDJHV LQ LQVWUXPHQWDWLRQ $UGXLQR 

LV D ORZ FRVW DQG FRPSDFW 

PLFURFRQWUROOHUERDUGIRUPDNLQJVPDOOFRP

SXWHUVWKDWFDQ 

VHQVHPRUHRIWKHSK\VLFDOZRUOGWKDQRUGLQ

DU\SHUVRQDO 

FRPSXWHU3&$UGXLQRSURJUDPPHUNLWFRQVLVW

VRIDEXLOWLQ 

ELW$'&DWWKHDQDORJLQSXWVZKLFKDOORZVLQ

WKHLQSXWWREH GLYLGHGLQWR 

±VWHSV7KHUHVROXWLRQRIFDSWXULQJ 

DQDORJVLJQDOE\$UGXLQRFDQEHWXQHGWROHV

VWKDQP9E\ 
VXLWDEOHSURJUDPPLQJ 

,QWKLVSDSHUZHKDYHSUHVHQWHGDYHU\FRPS

DFWDQGFRVW 
HIIHFWLYHV\VWHPIRUGHWHFWLQJORZLPSDFWP

HFKDQLFDOHQHUJLHV 

7KHV\VWHPLVLQWHJUDWHGXVLQJ$UGXLQRERD

UGZLWKD39') 

SLH]RHOHFWULFILOPVHQVRU,QRUGHUWRXVHWK

HV\VWHPZLWKRXWWKH 

KHOSRIDFRPSXWHULQUHDOILHOGD/&'XQLWLVXV
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HGDVGDWD SUHVHQWDWLRQ HOHPHQW $ 

VLPSOH DQG HIILFLHQW ORDGFHOO LV 

IDEULFDWHGZKLFKKROGVWKH39')ILOPVHQVRUW

RVHQVHORZ 
PHFKDQLFDOLPSDFWV,PSDFWHQHUJ\RIWKHRUGH

URI-RU 

IRUFHRIWKHRUGHURIP1LVGHWHFWHGUHOLDEO\

7KH PHFKDQLFDO LPSDFW HQHUJ\ LV FRQYHUWHG 

E\ WKH 39') 
SLH]RHOHFWULFILOPLQWRHOHFWULFDOVLJQDO

7KLVHOHFWULFDOVLJQDOLV 

FDSWXUHGZLWKDUHVROXWLRQEHWWHUWKDQP

97KHYDULRXV FKDUDFWHULVWLFV VXFK DV 

OLQHDULW\ VHQVLWLYLW\ UHSHDWDELOLW\ 

K\VWHUHVLVHWFDUHVWXGLHGDQGSUHVHQWH

GLQGHWDLO)LQDOO\DQ 

LQWHJUDWHGV\VWHPIRUPHDVXULQJORZXQNQR

ZQPHFKDQLFDO 
LPSDFWLVGHPRQVWUDWHG 

,,(;3(5,0(17$/6(783 

A.Mechanical Impact Creator  

&RPPRQO\DQLQGHSHQGHQWH[SHULPHQWLVFR

QGXFWHGWR 

FDOLEUDWHDPHDVXULQJLQVWUXPHQW,QRUGHU

WRFDOLEUDWHRUWR 

HVWLPDWHWKHVHQVLWLYLW\ZHKDYHFUHDWH

GDV\VWHPWRJHQHUDWH 

VPDOOUHSHWLWLYHPHFKDQLFDOLPSDFWV$VPDO

OSLHFHRIVWHHOEDOO 

PDVVPJPHDVXUHGE\DSUHFLVLRQZHLJKLQJPDFKL

QH 

0RGHO%6$6&:0DQXIDFWXUHU6DUWRUMXVLVFRQ

VLGHUHG 

WRIDOOIUHHO\XQGHUJUDYLW\WRDEHDNHUPDG

HRIJODVV$Q 

HOHFWURPDJQHWLVXVHGWRUHOHDVHWKHVWH

HOEDOOIURPGLIIHUHQW 

KHLJKWV7KHEHDNHULVSODFHGRQWKHVHQVRUI

L[WXUH6HFWLRQ,, 

%IRUGHWDLOV7KHLPSDFWHQHUJ\EimpFDQEHFDO

FXODWHGDV 

 

Eimp mgh  

 

 

ZKHUHµg¶LVWKHDFFHOHUDWLRQGXHWRJUDYLW

\)XUWKHUGLVFXVVLRQ 

RQWKHLPSDFWIRUFHHVWLPDWLRQLVSUHVHQW

HGLQ6HFWLRQ,,,' 

B.The Sensor and Loadcell  

,QWKLVZRUNZHKDYHXVHG39')SLH]RILOPVHQVRU6

'7 
DUHWLJKWHQHGLQVXFKDZD\WKDWWKHGLUHFW

FRQWDFWEHWZHHQWKH 

SODWHVLVDYRLGHG7KXVDVLPSOHDQGORZFRVWI

L[WXUHLV FRQVLGHUHGIRURXUV\VWHP 

 

 
)LJ)DEULFDWHGORDGFHOO3LH]RILOPVHQVRUVDQGZLF

KHGEHWZHHQWZR 
3&%SODWHV$FHQWLPHWUHVFDOHLVSURYLGHGWRVKR

ZWKHGLPHQVLRQVRI 
WKHGHVLJQHGORDGFHOO 

 

7KHUHDVRQVEHKLQGWKHFKRVHQPDWHULDOD

QGGHVLJQIRU 

ORDGFHOODUHDVIROORZVL:HKDYHXVHGFRVWHI

IHFWLYHPDWHULDO 

WRGHVLJQWKHORDGFHOOLL7KHVXUIDFHVRIWK

H3&%SODWHVDUH 
IDFWRXUORDGFHOOFDQEHXVHGIRUYDULHW\RID

SSOLFDWLRQVZLWK 

PLQLPXPPRGLILFDWLRQLY'XHWRWKHVDQGZLFKV

WUXFWXUHRI 

RXUORDGFHOOWKH39')ILOPVHQVRUUHPDLQVSUR

WHFWHGIURPWKH 

H[WHUQDOKD]DUGVY,QDGGLWLRQWRWKHDERYH

DGYDQWDJHV 

DQRWKHUDGYDQWDJHRIRXUORDGFHOOLVWKDW

LWLVHDV\WRDVVHPEOH 

1RWHWKDWWKHILOPVHQVRUFDQHDVLO\EHUHSO

DFHGE\RWKHURQH 

ZKHQHYHUUHTXLUHGDQGVXFKUHSODFHPHQWLV

QRWSRVVLEOHIRU 

YDULRXVW\SHVRIUHSRUWHGORDGFHOOVHPSOR\

HGLQVLPLODUVWXGLHV 
C.The Electronic System  

7KHHOHFWURQLFFLUFXLWU\LVVKRZQLQ)LJ39')

SLH]RILOP 

LVDQDFWLYHVHQVRUDQGLWLVFRQQHFWHGWRµ3

LH]R)LOP/DE 



JCE Theoretical Frameworks for Understanding the Interplay... 

Journal of Computer Engineering | https://doi.org/10.5281/zenodo.19343309 Page 60 

$PSOLILHU¶PDQXIDFWXUHGE\PHDVXUHPHQW63(

&,$/7,(670 

86$7KHYDULRXVSDUDPHWHUVVHWWLQJRIWKHD

PSOLILHULVVKRZQ 

LQ)LJ)RUEHWWHUSHUIRUPDQFHRIWKHVHQVRUX

VHGLQWKLVZRUN 

WKHLQSXWLPSHGDQFHLVNHSWDW*ȍ7KHDPSOLIL

HURSHUDWHGLQ 

µYROWDJHPRGH¶VLQFHWKHZLUHOHQJWKIURPVH

QVRUWRDPSOLILHU 

LVOHVVWKDQDPHWHU6LQFHZHGRQRWQHHGWRI

LOWHUWKHVHQVRU 
VLJQDOWKHORZHUDQGXSSHUFXWRIIIUHTXHQF\

RIWKHILOWHUDUH 

NHSWDW+]DQGN+]UHVSHFWLYHO\ZLWKRXWDQ\

SUHILOWHULQJ 
JDLQ$SRVWILOWHULQJJDLQRIG%LVDSSOLHGWR

WKHVLJQDO 

 

 
)LJD3LH]RILOPODEDPSOLILHUE&LUFXLWGLDJUDPVFKH

PDWLFIRU 
RXUV\VWHP 

 

,QSURJUDPPLQJWKH$UGXLQRERDUGWKHUHVR

OXWLRQRIWKH 

$'&DWWKHLQSXWLVHQKDQFHGIURP9GHIDXOWW

R 

9E\XVLQJWKHEXLOWLQIXQFWLRQµDQDORJ5HIHU

HQFH 

,17(51$/¶)LQDOO\WKHRXWSXWUHVXOWLVWDNHQ

LQPLOOLYROWV 

IRUGLVSOD\7KHV\VWHPLVWKHQXVHGWRREWDLQ

RXWSXWYROWDJHIRU 

FRQWUROOHGLPSDFWV$IWHUFDOLEUDWLQJWKH

V\VWHPSURJUDPLV 

PDGHWRGLVSOD\LPSDFWHQHUJ\RUIRUFHFDXVH

GE\DQ\XQNQRZQ 
LPSDFWHYHQW 

 
)LJ7KHVHWXSRIWKHV\VWHP 

,,, 5(68/7 

A.Sensitivity Estimation with Respect to Impact 

Energy  

7KHLPSDFWRIWKHVWHHOEDOOLVPHDVXUHGE\

RXUV\VWHP 

VWDUWLQJZLWKDQHPSW\EHDNHU7KHLPSDFWHQ

HUJ\RIWKHVWHHO 

EDOOLVYDULHGE\YDU\LQJWKHIDOOLQJKHLJKWV

RIWKHEDOO7KH 

LPSDFWHYHQWIRUWKHEDOORIIDOOLQJKHLJKWD

VORZDVFPLV 

GHWHFWHGUHOLDEO\7KHV\VWHPRXWSXWUHVS

RQVHVIRUGLIIHUHQW 

LPSDFWHQHUJ\DUHVKRZQLQ7DEOH,7KHOLQHDUL

W\RILPSDFW 

HQHUJ\WHVWLVVKRZQLQ)LJ:KHQWKHIDOOLQJKH

LJKWLV 
LQFUHDVHGWRPRUHWKDQFPWKHRXWSXWUHVSR

QVHEHFRPHVQRQ 
OLQHDU7KHUHIRUHIDOOLQJKHLJKWVRIFPFRUUH

VSRQGLQJWR LPSDFWHQHUJ\RI±-

SURGXFHVOLQHDUUHVSRQVHLV 

FRQVLGHUHGDQGSUHVHQWHG 
B.Hysteresis 

,QRUGHUWRPHDVXUHWKHK\VWHUHVLVHUURU

RIRXUV\VWHPWKH 

VWHHOEDOOLVGLVSHQVHGXVLQJWKHHOHFWUR

PDJQHWLVFRQVLGHUHG 

7KHLPSDFWVFUHDWHGE\WKHVWHHOEDOOLQWK

HEHDNHUDUHVHQVHG 

E\RXUVHQVRU7KHUDQJHRILPSDFWHQHUJ\RIWKH

VWHHOEDOOLV 

FRQVLGHUHGWREHVDPHDVLQVHQVLWLYLW\WHV

W7KHK\VWHUHVLVFXUYH 

RIWKHV\VWHPLVVKRZQLQWKH)LJ 
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7KHK\VWHUHVLVHUURULVXVXDOO\H[SUHVVHGL

QWHUPVRIWKH 
PD[LPXPK\VWHUHVLVHUURUDVSHUFHQWDJHRIIX

OOVFDOHRXWSXW UDQJHFSOR 

 

 He PD[   

Hysteresiserror  u FSOR 

 

ZKHUHHePD[ 

PD[LPXPRIXSVFDOHUHDGLQJ±GRZQVFDOH 

UHDGLQJ)RURXUV\VWHPK\VWHUHVLVHUURULVI

RXQGWREHRQO\  

 

7$%/(, 
,03$&7(1(5*<9(56866<67(05(63216( 

 
0DVVRI 
VWHHOEDO

O 
PLQNJ 

$FFHOHUDWLRQGX
H WRJUDYLW\ 

JLQPVHF 

)DOOLQ
J 
KHLJK

W 
hLQFP 

,PSDF
W 
HQHUJ

\ 
EimpLQ- 

2XWSXW 
YROWDJ

H 
Vout LQP9 

î  

 

 

 

 

 

 

 

 

 

 

 

 
     

 

)LJ6\VWHPUHVSRQVHVLQP9IRUGLIIHUHQWLPSDFWHQ

HUJLHVLQ- 

 
7$%/(,, 

$&203$5,6212)6(16,7,9,7<$1'5$1*(2),03$&7(1(5*<%(7:((1 

2856<67(0$1'27+(56,0,/$5:25.6 
6HQVLWLY

LW\ N9- 
(QHUJ\5D

QJH 
- 

5HIHUHQ

FH 
)L[WXUHPDWHU

LDO 
5HPDUNV 

 îWR î  $OXPLQXPEORF

N 
 

 

 

 

 

îWR î 
îWR 
î 

îWR 
î 

îWR 
î 

 

 

 

7KLV 
:RUN 

6SRQJHVXSSRUW

HG 

5XEEHUVXSSRU

WHG 
3OH[LJODVV 
VXSSRUWHG 

6DQGZLFKEHWZ
HHQ 

JODVVHSR[\)5 
PDWHULDO3&% 

6HQVLWLY
LW\ 
ORZHVW 

UDQJHRI 
GHWHFWL
RQ 

HWFDUH 
EHWWHUI
RU 

RXUV\VWH

P 

 

 
)LJ7KHXSVFDOHDQGGRZQVFDOHUHDGLQJIURPZKLFKK\

VWHUHVLV 
DQDO\VLVRIRXUV\VWHPLVSHUIRUPHG5HFWDQJXODUV

\PEROEODFNDQG 
VROLGFLUFOHV\PEROUHGVKRZWKHXSVFDOHDQGGRZQ

VFDOHUHDGLQJ UHVSHFWLYHO\ 
C.Repeatability  

7KHUHSHDWDELOLW\LVWKHGHJUHHRIFORVHQ

HVVZLWKZKLFKD PHDVXUDEOH TXDQWLW\ PD\ EH 

UHSHDWHGO\ PHDVXUHG 
0DWKHPDWLFDOO\LWLVGHILQHGDVWKHPHDVXU

HRIYDULDWLRQLQWKH 

PHDVXUHGGDWDNQRZQDVWKHVWDQGDUGGHYLD

WLRQı,WLV H[SUHVVHG LQWHUPV RI PD[LPXP 

UHSHDWDELOLW\ HUURU DV D 

SHUFHQWDJHRIFSOR 

 

Re V u  
FSOR 

  

:HKDYHWHVWHGUHSHDWDELOLW\DW-

VHOHFWHGDUELWUDULO\ 

LQWKHFSORIRURXUV\VWHPDQGLWLVIRXQGWREH

RQO\ 

OHVVWKDQVLJQLI\LQJDJRRGUHSHDWDEOHPHDV

XUHPHQW 

V\VWHP,QWKHHVWLPDWLRQRIUHSHDWDELOLW\

HUURUWKHVWDQGDUG 

GHYLDWLRQIRURXUV\VWHPLVIRXQGWREH 
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D.Estimation of Impact Force  

,QPHDVXULQJLPSDFWHQHUJ\ZHKDYHREWDLQH

GJRRGV\VWHP 

FKDUDFWHULVWLFVZKLFKLQWXUQPRWLYDWHXV

WRHPSOR\WKHV\VWHP 

IRUPHDVXULQJLPSDFWIRUFH7KHLPSDFWIRUFHLV

HVWLPDWHG 

 

 dp 

  
Fimp  dt 

  

,QRUGHUWRHVWLPDWHULVHWLPHIRUDQLPSDF

WHYHQWWKHRXWSXW 

RIWKHVHQVRULVDPSOLILHGWRG%DQGWKHQWK

HVLJQDOLV 
REVHUYHGWKURXJKDGLJLWDOVWRUDJHRVFLOO

RVFRSH7\SLFDODQDORJ 

RXWSXWZDYHIRUPIRUDQLPSDFWHYHQWLVVKRZQ

LQ)LJ VKRZLQJLPSDFWULVHWLPHRIV 
LPSDFWIRUFHLVHVWLPDWHGXVLQJWKHH[SUHVV

LRQ 

 

FRQVWDQWLQ+HQFHDQRQOLQHDURXWSXWUHVS

RQVHLVH[SHFWHG 

IRULPSDFWIRUFH+RZHYHUZLWKLQLQDOLPLWHG

UDQJHRIIDOOLQJ 

KHLJKWVRI±FPFRUUHVSRQGLQJWRLPSDFWIRUFH

UDQJHRI 
±P1ZHKDYHREWDLQHGKLJKO\OLQHDUUHVSRQVH 

 

 
)LJ6\VWHPUHVSRQVHVLQP9IRUGLIIHUHQWLPSDFWIRU

FHVLQP1 

DUHSORWWHGKHUH$OLQHDUILWWRWKHGDWDSRLQW

VVKRZVWKHVHQVLWLYLW\RI 

)LJ7\SLFDODQDORJZDYHIRUPIRUDQLPSDFWHYHQW+HUHWKHVWHHOEDOOIDOOLQJKHLJKWLVFPDQGWKHVLJQDODPSOLILFDWLRQLVG%)URPWKL

V 
PHDVXUHPHQWWKHVLJQDOULVHWLPHLVIRXQGWREHV 

 
7KHUHVXOWRIWKHLPSDFWIRUFHHVWLPDWLRQLVVKRZQLQ)LJ 

SURSRUWLRQDOWRWKHIDOOLQJKHLJKWDVSHUWKHLPSDFWIRUFH ,WLVWREHQRWHGKHUHWKDWWKRXJKWKHLPSDFWHQHUJ\LV 

LVSURSRUWLRQDOWRVTXDUHURRWRIWKHIDOOLQJKHLJKWVLQFHdtLV 

 

 

ZRUNLQJRQYHU\ORZLPSDFWHQHUJ\UHJLPHWKHEDOOKDUGO\ 
UHERXQGV7KXVLQRUGHUWRVLPSOLI\WKHSURFHGXUHZHKDYH 
FRQVLGHUH

G 
v 2  WRJHWKHUZLWK dt  ULVHWLPHRIWKHDQDORJ 

RXWSXWIURP39')ILOPVHQVRUGXULQJDQLPSDFWHYHQW>@>@ 

    
  dt g h 

E 
dt 

gh m 
dt 

mv 
F imp 

imp u         
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WKHV\VWHP7KHUHJUHVVLRQFRHIILFLHQW5 

VKRZVDJRRG 

VLJQDWXUHRIOLQHDULW\ZLWKLQWKHVSHFLILHGOLP

LW 

E.System Integration  

7KHV\VWHPLVLQWHJUDWHGWRPHDVXUHXQNQ

RZQLPSDFWHQHUJ\ 

RUIRUFHZLWKLQDVSHFLILHGUDQJHLQGHSHQGH

QWRID3&)RU 

VLPSOLFLW\LQWKHLQWHJUDWLRQWKHUDQJHZL

WKLQZKLFKERWK 

LPSDFWHQHUJ\DQGIRUFHDUHOLQHDULVFRQVLG

HUHG)URPWKH 

OLQHDUUHODWLRQVKLSEHWZHHQWKHRXWSXW

YROWDJHIURP$UGXLQR 

DQGLPSDFWHQHUJ\REWDLQHGHDUOLHUDVVKRZ

QLQ)LJZH 
H[SUHVVXQNQRZQLPSDFWHQHUJ\DV 

 

Eimp
u Vout PJ  

 

LQZKLFKWKHRXWSXWYROWDJHVoutLVLQP97KHFR

UUHVSRQGLQJ 
LPSDFWIRUFHFDQEHH[SUHVVHGDV 

 

Fimp
u Eimp

u mN  

 

7KHODVWWZRH[SUHVVLRQVDUHYDOLGZLWKLQ

WKHUDQJHRI± 
-RU±P1:KHQDQXQNQRZQLPSDFWHYHQW 

FDXVHVWKHVoutWREHLQWKHUDQJHRI±P9WKHQW

KH/&' GLVSOD\VWKHYDOXHRILPSDFWHQHUJ\LQ-

DQGFRUUHVSRQGLQJ 

LPSDFWIRUFHLQP17RSRZHUXSWKHV\VWHPD9EDW

WHU\LV 

XVHG7KXVDVHOIFRQWDLQHGFRPSDFWDQGPLQLD

WXUHLPSDFW 

PHDVXUHPHQWV\VWHPLVGHYHORSHG$SODVWLF

EDOOPDVV 

PJGHQVLW\JFPLVUHOHDVHGIURPDKHLJKWRIFP 

DQGWKHFRUUHVSRQGLQJPHDVXUHPHQWVDUHIR

XQGWRDJUHHZHOO 
ZLWKRXUH[SHULPHQW 

,9 ',6&866,21 

:HKDYHQRWLFHGWKDWWKHGHJUHHRIWLJKWQ

HVVRIWKHEROWVRI 

WKHORDGFHOODIIHFWWKHQRLVHDQGVHQVLWLY

LW\GULIW+HUHQRLVH 

PHDQVWKHVLJQDOPDJQLWXGHLQWKHDEVHQFHR

IWKHLPSDFWHYHQWV 

:KHQDOOWKHIRXUFRUQHUVRIWKHORDGFHOODU

HKLJKO\WLJKWHQERWK 

WKHQRLVHDQGVHQVLWLYLW\GULIWEHFRPHV]H

UR)XUWKHULWLV 

QRWLFHGWKDWWKHQRLVHRIWKHRXWSXWVLJQD

OEHFRPHV]HURLIWKH 

SLH]RDPSOLILHULVXVHG7KHUHDUHPDLQO\WZRI

DFWRUVWKDWOLPLW WKH PHDVXUHPHQW 

UDQJH 7KH ILUVW IDFWRU DULVHV IURP WKH 

FRQVLGHUDWLRQRIOLQHDUUHODWLRQVKLSEHW

ZHHQWKHRXWSXWYROWDJH 

GXHWRLPSDFWHYHQWZLWKWKHLPSDFWHQHUJ\

RUZLWKWKHLPSDFW 
IRUFHDQGVXFKUHODWLRQVKLSVDUHYDOLGIRUD

OLPLWHGUDQJH7KH 

VHFRQGIDFWRULVWKHWHQGHQF\WRUHERXQGRI

WKHIDOOLQJEDOOZKHQ 

WKHIDLOLQJKHLJKWLVPRUHWKDQFP7KLVIDFWR

UFRPSOLFDWHVWKH 

PHDVXULQJSURFHVVDQGWKXVOLPLWVWKHKLJK

HVWUDQJHRILPSDFW HQHUJ\GHWHFWLRQ 
&KDQJHLQVHQVLWLYLW\LVREVHUYHGIRUVRIW

HUPDWHULDOVHJ 

LPSDFWFUHDWHGE\IDOOLQJOLTXLGGURSOHWVRI

PDVVPJIURPD 

EXUHWWH:KHQIUHHIDOORIZDWHUGURSOHWVRI

PDVVPJIURP 

DEXUHWWHLVFRQVLGHUHGWRFUHDWHLPSDFWH

YHQWVWKHVHQVLWLYLW\LV 

IRXQGORZHUDVFRPSDUHWRWKDWRIREWDLQHGX

VLQJVWHHOEDOO,Q 

FDVHRIZDWHUGURSOHWREWDLQLQJORZHUVHQV

LWLYLW\LVTXLWH 
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VHWLPHIRUZDWHU 
GURSOHWLVIRXQGEHPVZKLFKLVRQHRUGHURIPDJ

QLWXGHKLJKHU 

LQFRPSDULVRQWRWKDWRIVWHHOEDOOaV6LQFH

WKHLPSDFW 

IRUFHLVLQYHUVHO\SURSRUWLRQDOWRWKHVLJQ

DOULVHWLPHRXU 

V\VWHPLVFDSDEOHRIGHWHFWLQJORZHULPSDFW

IRUFHWKDQWKHUDQJH 

FRQVLGHUHGLQRXULQYHVWLJDWLRQ,QIDFWLQF

DVHRIZDWHU 

GURSOHWVZHKDYHUHOLDEO\GHWHFWHGLPSDF
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